Introduction
The history of architecture and art are simultaneously related to the history of natural stones. Human beings have made use of natural stones for their social and cultural manifestations [1, 2] . The use of natural stone in cultures throughout history gives us insight to the members of those cultures [3] . Historical constructions are works that have lasted over the years, have filled lives, inspired later works, and which bear the traces of an individual civilization and civilizations [4, 5, 6] .
It is very important that the characteristics of the materials used in the historical buildings around the world are well-known and that this heritage bearing the past can be safely transferred to the future. The city of Konya which is located in Turkey was the capital of Anatolian Seljuk Empire in the 12th and 13th centuries and has hosted many civilizations during history. The city has many historical buildings and monuments which are part of prehistoric to medieval civilizations [4] [5] [6] [7] , including the Hittite monuments and distinctive Seljuk-Ottoman mosques, madrasahs, and caravansaries [7, 8] .
Sille is a place located in the north of the Konya Province, 8 km from the city center, within the borders of Seljuk Municipality. The origin of settlement in Sille dates back to the Roman times. Many of the Byzantine churches and monasteries have still preserved their existence as a result of the carving of Sille stone, an andesitic-dacitic stone species formed as a consequence of volcanic mountains in the region [4] . Rapid cooling of the melted earth during volcanic activities that forms andesitedacite types of volcanic rock are composed of varied, glassy and unstable mineral phases [9] . These kinds of volcanic rocks are generally composed of plagioclase, quartz and igneous clasts [10] . Sille Stone is low in ash deposits, higher in porosity than andesites, and therefore, relatively easy to process. The capillary water absorption coefficient of Sille Stone was determined as 2.6-2.9 kg/ m 2 .h, which is higher than limestone, but lower than good-quality concrete. For this reason, it has been used safely for a long time as a building stone and a covering material. It is also a preferred stone in places where heat resistance is required. There is also no resource problem for Sille Stone [11] .
Although some characterization studies were carried out on natural stones, very few studies were carried out on these types of stones relating to engineering materials [12] [13] [14] [15] . This study focused on the characterization of physicochemical properties of Sille Stone and investigated the effect of heat on the microstructural and phase evolutions of Sille Stone to understand its thermal behavior.
Experimental Studies
Sille Stone from Sille, Konya were used in the experiments. Stones were cut into desired dimensions (e.g. core, rectangle prism and plate shapes) by cutting machines according to recommendations in ASTM D4543-08 for all relevant experimental studies. The series of measurements and characterization tests were conducted on Sille Stone samples after they were dried at 105 o C overnight to remove any humidity in the pores and external surfaces.
Petrographic Analysis of Sille Stone
Thin sections of samples were prepared according to TS EN 12407 standards to identify the mineralogy and constituents of Sille Stone. Observations were carried out using a polarized light microscopy (Nikon, LV100POL, Japan) under environmental conditions of 18 o C temperature and 35% humidity. Laboratory petrographic examination procedures for stone materials according to the standard are described as follows. Thin sections in a square or rectangular shape of 0.5-1.0 cm in thickness were prepared by cutting them with a diamond-tip. Then, the surfaces of these sections were abraded and smoothed with coarse and fine sandpaper on a rotating metal disk and followed by the polishing of abrasive powder that was poured into a glass. The smooth and polished surface of the stone adhered to a glass called "lam" by a mixture of epoxy resin and hardener (4:1 mixing ratio). Finally, one side of the stone that adhered to the lam was polished and smoothed by the grinding disk until the sample thickness reached 0.02-0.03 mm. If the thin section was thicker than the desired thickness, it was thinned further by the abrasion powders poured on the glass surface. The thinning process continued until the crystal size was clearly achieved. When the rock forming minerals were fully displayed in the microscope, the sample preparation was completed.
Chemical and Mineralogical Analysis of Sille Stone
X-ray fluorescence and diffraction analyses were performed on Sille Stone samples for chemical and mineralogical analysis, respectively. X-ray fluorescence spectroscopy (XRF; Rigaku, ZSX Primus II, Japan) was used to identify the chemical compositions. The sample preparation process was carried out by a grinding and pressing system. Sille stone chips were pulverized using a tungsten carbide grinding container and then a disc sample having a diameter of 20 mm was prepared using a manual hydraulic press with a capacity of 300 kN. A typical mineralogical phase analysis of Sille Stone, which collected from the field, was performed by an X-ray diffractometer (XRD; Bruker-D8 Advance, Germany), with CuKα radiation, to determine the present crystalline phases of the sample.
Determination of Physical Properties of Sille Stone
Brunauer-Emmet-Teller (BET) approach on Quadrasorbevo 4 equipment (Quantachrome Instruments, USA) was used to determine porosity, surface area, pore volume, pore diameter, bulk density and apparent density. Adsorption isotherms were obtained from the adsorption of nitrogen gas (N 2 ) at 77 K in the liquid nitrogen environment to evaluate surface area, porosity and pore volume. Archimedes buoyancy technique was also applied to measure apparent porosity, water absorption, and bulk density. Dry weights, soaked weights and immersed weights in water were measured according to ASTM C20-00 standard.
Thermal analysis of Sille Stone
The thermal properties of Sille Stone were analyzed through dilatometer, heating microscope, DTA-TG and thermal conductivity instruments. The coefficient of thermal expansion (CTE) for the stone samples was determined by dilatometric analysis. Specimens with rectangular shape test bars, in which 5x5x50 ± 1 mm, were used to comply with the size of the instrument. . To obtain volumetric changes during heating, crushed and milled stone grains (<0.25 mm) were compacted with a diameter of about 2 mm and a height of about 4 mm. The volumetric changes of the compacted samples during heating at a rate of 50°C/min until up to 1300°C were measured by a hot-stage microscope (Misura HSM 3M, Italy). Thermal analysis of the stone sample was carried out using a DTA-TG instrument. The thermal analysis involved heating the samples at a rate of 10 o C min -1 from ambient temperature to 1300 o C and was performed by using a simultaneous thermal analyser (Netzsch STA 449 F3 Jupiter, Germany). The coefficient of thermal conductivity (CTC) of the stone sample with dimensions of 300 × 300 × 50 mm was made by the enclosed hot box method which is one of the methods specified in ASTM C1363-11. The general principle of this method is based on calculating the thermal conductivity of the material by a heat flux, created by the difference of heat energy that occurs between both surfaces of the material, passes through from the hot side to the cold side of the material. By measuring the heat flow over the material, the amount of heat passing through the unit area of the material is calculated. Measurements are made at steady-state air and surface temperatures. In order to prevent the heat loss from the edges of the sample during measurement, they are covered with heat-insulated materials so that the measurement is correct.
Microstructural Observations of Sille Stone
The microstructural observations were carried out by using a Scanning Electron Microscope (HITACHI SU 1510, Japan). The microstructural status of the Sille Stone and microstructural evaluation after heat treatments were observed by secondary electron imaging.
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Results and discussions

Petrographic (Microscopic) Structure of Sille Stone
The petrographic examination of stones originates with onsite observation and finishes with a thin-section examination of a representative from the source area, the purpose of which is to obtain a reliable quality assessment of the material. The petrographic analysis of samples indicated that Sille Stone is a volcanic rock and its mineralogical composition consists of plagioclase, hornblende and biotite minerals. Additionally, under a polarizing microscope, plagioclase microlites (Matrix) were detected as a binder (Figure 1) . Moreover, undulatory extinction in thin sections of mineral grains was observed in the rock.
The chemical classification method commonly used in magmatic rocks and known as the total alkali-SiO 2 (TAS) diagram was used to determine the rock class. The TAS diagram gives information to define the type of rocks depending on the amount of SiO 2 and alkali oxides of natural stones [16, 17] . The total amount of alkali and SiO 2 contained in the Sille Stone were 7.52% and 64.50%, respectively. The TAS diagram (Figure 2) shows that Sille Stone is located in the trachydacite region. As a result of the classification, it was determined that the Sille Stone was a trachydacite, which is subalkaline rock. Sille Stone, as in many volcanic rocks, is difficult or inadequately determined macroscopically, because the mineral constituents are generally fine-grained, whereas they can be clearly distinguished from plutonic rocks. The intrusive rocks exhibit a macroscopic planar and/or linear fabric by the arrangement of tabular shaped crystals (e.g. biotite and plagioclase). Plagioclases appear whitish dull to pale green [16] . This microscopic information conforms with that of Sille Stone.
Contrary this, the high biotite content (or presence) in the stones favors salt crystallization-induced decay because of the salts crystallizing between the biotite layers [18] . In their study, Zedef et al. [7] interpreted that the andesites of the Sille were susceptible to the effect of salt alteration. They claimed that if the pollutants, such as SO 2 , NO x , HNO 3 , O 3, and H 2 SO 4 , were transferred to rock surfaces by dry and wet deposition, salt crystallization would take place that would be responsible for the deterioration of the rocks. They also argued that the effect of salt crystallization would be more intense if the pollutants were deposited on cracked surfaces [7] .
Some authors have studied the disintegration processes related to salt crystallization in the building stones. Ulusoy et al. [19] attributed the decay in architectural works made from volcanic (igneous) rocks to salt crystallization and capillary water elevation. Zedef et al. [7, 20, 21] found that the effect of salt crystallization in the stone blocks constructed in the Konya region is most prevalent on the andesitic stone and that mineralogical, petrographic and physicomechanical properties of andesites are influenced by salt crystallization. It is necessary to restrict the utilization of Sille Stone in environments where salt is formed. Therefore, take some technological measures to prevent such salt formations is inevitable.
Chemical and Mineralogical Structure of Sille Stone
XRF analysis was carried out to determine the chemical composition of Sille Stone. Figure 3 , indicates a predominance of plagioclase peaks, the main mineral in stone, and followed by minor peaks of biotite and hornblende, which are the secondary phases. It is known that plagioclase is a mineral that occurs in alkali environments. This may show that the area Sille Stone was formed in an alkali environment and has a mineral composition of biotite, plagioclase, feldspar, and hornblende. The XRD patterns of the untreated Sille Stone and the heated, treated Sille Stone at 900°C and 1200°C are exhibited in Figure 3 . For the heated stone treatment at 900°C, the intensities of the diffraction peaks for biotite minerals were decreased. It was also found that the diffraction peaks belonging to hornblende and biotite completely disappeared as the stone received further heat treatment at a temperature of 1200°C. Biotite and hornblende minerals were transformed into plagioclase at 1200°C and only the plagioclase phase remained stable. The transformation of the mineralogical structure of Sille Stone over 900 o C will affect the physical and mechanical properties of Sille Stone. The results derived from the XRF and XRD analysis were correlated with the results of the petrographic analysis.
Physical Properties of Sille Stone
The results of the surface area and pore size analysis are shown in Table 2 . The specific surface area of Sille Stone was determined as 230 m 2 /g. The BET analysis of Sille Stone indicated that it had a significant porosity (15%) with an average diameter of pores 0.408 µm. The properties such as strength, thermal conductivity, and permeability were greatly influenced by pre-existing porosity within the Sille Sstone. Ghobadi and Babazadeh et al. [22] observed that building stones, which are loose and highly porous, could not withstand salt crystallization and lost almost half of their mass. The water absorption, bulk density and apparent porosity of Sille Stone samples were determined, by the Archimedes buoyancy technique, to be 11.02%, 2.21 g/cm 3 , 18.95%, respectively.
Thermal Properties of Sille Stone
Dilatometer analysis results measured from room temperature to 1100 o C is exhibited in Figure 4 C -1 at high temperatures [23] . Subsequently, Sille Stone can be regarded as a ceramic body like tile. The softening and sintering temperature of Sille Stone is obtained by a heating microscope ( Figure 5 ). The sample is heated up to 1300°C with a heating rate of 50°C.min -1 . According to the results, it is found that softening and sintering begins at 1148°C and 1236°C, respectively.
The reactions and weight loss generated during the heating of the Sille Stone determined by DTA and TGA are shown in Figure 6 . Five endothermic peaks were obtained in the DTA curve at 130, 460, 577, 1000 and 1200°C, which are attributed to the removal of moisture and impure volatile organics at 130°C and 460°C, the alpha-beta quartz transition at 577°C, structural breakdown of biotite to oxides at 1000°C, and a mineral transformation to plagioclase at 1200°C, respectively. However, it is recorded on the TGA curve that 1.40% of weight loss during heating which is totally completed at 600°C is due to the evaporation of moisture and oxidation of organic residues. Because of its porous structure, Sille Stone is composed of oxide-based phases and air. CTC of Sille Stone measured by the hot box method was found to be 1.35 W/m.K at room temperature.
Microstructural Change of Sille Stone Under the Heating Effect
The scanning electron microscopy micrographs of Sille Stone, as seen in Figures 7, 8 and 9 , indicate that the structure was composed of granular and fibrous phases and also porosity. While the granular structure contains plagioclase and hornblende minerals, Energy dispersive spectrometer measurements from fibrous structure observed in SEM was found to be biotite according to elemental compositions. The SEM analysis of the raw Sille Stone in Figure 7 , showed biotite fiber bundles, between 0.21-5.08 µm width and 14-47 µm in length, and typically with an aspect ratio of 25:1. The average fiber diameter is 1.05 µm. Moreover, the salt presence was observed like efflorescence over the surface of the matrix and some fibrous biotite, in the electron microscopy micrographs. SEM micrographs of heat treated Sille Stone at 900°C is displayed in Figure 8 . The salts like efflorescence over the surface of the matrix and some fibrous biotite have completely disappeared. The deformation of the biotite fibers has started. Moreover, the crystals of hornblende and biotite completely disappeared in the matrix as the stone was heated to 1200°C ( Figure 9 ). As mentioned above, these minerals were transformed into plagioclase according to XRD results at 1200°C, and the only matrix of plagioclase that remained in the microstructure is seen in Figure 9 . In heat microscope measurements, the softening and sintering temperatures were recorded as 1148 and 1236°C, respectively. The results of the DTA-TGA analysis confirmed the mineral transformation to plagioclase at 1200°C. The salt presence was observed as efflorescence over the surface of the matrix and some fibrous biotite, in the untreated Sille Stone by electron microscopy analysis. The use of Sille Stone is limited in environments where salt is formed. Therefore, take some technological measures to prevent such salt formations is inevitable.
Conclusions
Even though the physical properties of Sille Stone is similar to industrial ceramic tiles, and they can be used as a ceramic material after a heat treatment or a surface coating application, there are harmful effects of the soluble salts that exist in the Sille Stone's porous structure.
